Tracheostomy tube exchange, which is commonly used in the intensive care unit (ICU) or operating room, is a relatively safe procedure. However, when the tracheocutaneous tract has not fully matured, or the distance between the skin and the trachea is much longer because of obesity, edema, or bleeding, the layers of the surrounding tissues are loose and the possibility of entry in the false lumen increases, which thereby increases the possibility of serious complications [1] .
anesthesiologist placed the reinforced tube instead of the T-cannula for surgical visibility and risk of disconnection.
The patient was in the supine position. After tracheostomy suction and preoxygenation, 60 mg of lidocaine, 120 mg of propofol, and 100 μg of fentanyl were administered. After confirming that there was no problem with ventilation, 50 mg of rocuronium bromide was administered, followed by sufficient manual ventilation. We removed the T-cannula of 7.0mm internal diameter and placed a reinforced endotracheal tube of 6.5-mm internal diameter.
However, the endotracheal tube could not be inserted through the tracheostomy site. We attempted a smaller size of reinforced tube insertion several times but were not successful. SpO 2 decreased from 95% to 50% gradually. We reinserted the T-cannula, but ventilation was not possible. SpO 2 dropped below 35%. An emergency call was immediately made to ask help from other anesthesiologists. Ambubagging was continued, but SpO 2 did not rise. We applied an arterial catheter to the left radial artery, and blood gas analysis showed: pH, 7.2; partial pressure of oxygen (PaO 2 ), 22; partial pressure of carbon dioxide (PaCO 2 ), 72; and oxygen saturation (SaO 2 ), 25%. Breath sounds in the right lung field were not audible, and we felt some crepitus in the right upper chest area. Emergency chest X-ray showed a huge amount of tension pneumothorax in the right lung of the patient (Fig. 2 ).
We requested a thoracic surgeon for chest tube insertion. Simultaneously, we performed emergency thoracentesis in the right thorax using 16-G catheter. After removing the stylet of the catheter, we heard the sound of air gushing out. Ventilation was slightly smoothed in one minute after insertion, and SpO 2 slightly increased. Five minutes after catheterization, closed thoracotomy was performed by the thoracic surgeon, and SpO 2 rapidly increased to 70-80%. Oxygen saturation remained above 95%, five minutes after the chest tube insertion, and was normalized after 25 min. The arterial gas analysis showed: pH, 7.33; PaO 2 , 105; PaCO 2 , 45; and SaO 2 , 98%.
The chest radiographs showed that the collapsed lung had re-expanded without pneumothorax ( Fig. 3 ). An Ear Nose Throat (ENT) surgeon repositioned the T-cannula. Intraoperative bronchoscopy was performed, but there was no direct tracheal injury. The operation was canceled, and the patient was transferred to the ICU, where the lungs were ventilated with an FiO 2 of 0.6, and SpO 2 was 97%. Accurate bronchoscopy was performed again, and no significant damage was found in the trachea wall.
The chest tube was removed four days after the closed thoracotomy. Seven days after the thoracotomy, the surgery for mandibular fracture was performed again, without replacing the T-cannula. During anesthesia, SpO 2 did not decrease, and vital signs were stable. The operation time was over seven hours, but there were no special perioperative events, especially airway problems. Decannulation was conducted 48 days after the tracheostomy, without any late complications.
Two days after decannulation, the patient was discharged with maintaineed tracheostomy opening. One month later, he visited the outpatient clinic with no neurological or respiratory problems.
DISCUSSION
We report a case of fatal tension pneumothorax developed during tracheostomy tube exchange with a reinforced endotracheal tube in a trauma patient.
Tracheostomy is a common procedure performed in critically ill patients with prolonged ventilator therapy. In addi- In particular, patients with morbid obesity have a longer procedure time and higher mortality (6%) and morbidity (25% of the loss of airway) [4] . Moreover, the standard tracheostomy tube is relatively short for patients with a long subcutaneous distance; therefore, there is a higher risk of dislodgement.
Tracheostomy-related complications are classified as in-traprocedural (immediately after tracheostomy), early postprocedural (≤ 7 days, before the tract maturation), and late postprocedural (> 7 days, after the tract maturation) complications. One-third of the fatal outcomes occur during the procedure and half of the total (49.3%) lethal complications occur in seven days after the procedure [5] . Bleeding, loss of airway, tracheal perforation, and tension pneumothorax are serious early complications. In late complications, tracheal stenosis is the most common.
Tension pneumothorax is a rare but life-threatening early complication that requires rapid treatment. It usually has a direct tracheal wall injury but can occur without a specific tracheal injury. Fikkers et al. [6] reported that the cause of tension pneumothorax after tracheostomy can be classi- Although there is no obvious tracheal injury, air inflow in the pseudo tract also produces a significant amount of subcutaneous emphysema, which similarly induces a large amount of air to enter the surrounding mediastinum or pleura. Thus, without tracheal damage, it is possible to develop severe complications, such as tension pneumothorax, bilateral pneumothorax, and pneumoperitoneum [6] .
In addition to the tracheal injuries, direct pleural damage or alveolar bleb rupture may occur, often in children with a higher position of the pleural dome [2] . Similarly, in adults, the pleural space is also posterolaterally extended up to the level of the tracheostomy site and the distance between the trachea and the pleural border is very close (5 mm in cadaver), which can easily cause pleural space injury with posterior wall damage during tracheostomy [7] .
Considering the pathogenesis of pneumothorax, the most important aspect of tracheostomy is avoiding direct tracheal injury and not making a false passage to the pseudo tract.
To reduce the risks in blindly performed percutaneous When the tension pneumothorax is strongly suspected, immediate chest tube insertion is necessary. When it is not available, large-needle thoracotomy can be performed to relieve tension, as in our case. Chest X-ray soon after the thoracotomy may be not effective to confirm the efficacy of the procedure. It might take longer for re-expansion of the lungs.
Tracheostomy tube exchange is a commonly performed, safe procedure but rarely causes life-threatening complications, such as tension pneumothorax. Understanding the pathogenesis and the use of preventive strategies based on this may provide safer and effective anesthetic management in tracheostomy patients.
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